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The effectiveness of Canned Coffee
packaging's graphic design elements in
consumers’ decision-making process

ABSTRACT

Studies recently focused on the important roles of graphic design elements
in drawing consumers’ attention. The present study focuses on finding

out the effectiveness of graphic design elements and colors of canned
coffee packaging in consumers' decision-making process. This study

was performed in two stages. The first stage included making graphic
design elements: image, shape, and typography. In the second stage,

the values were modified to see which color was the most attractive

to the consumer by distributing questionnaires to 135 respondents.

The study demonstrates the importance of packaging visuals, implying

the need for attractive graphic design elements. Regarding the image,
respondents preferred the photograph over the illustration. Meanwhile,
regarding shape, respondents preferred fluid rather than pattern, and
regarding typography, they preferred display over text. To conclude,
respondents preferred light-colored photography, pattern and display. This
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result could be used as a reference in designing beverage packaging.
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Introduction

A marketing department needs to understand consum-
er logic in the impulsive buying decision of a product

in order to improve its sales. Recent studies show that
packaging product serves as an opportunity to commu-
nicate products to consumers in-store (Rettie & Brewer,
2000; Silayoi & Speece, 2007; Simms & Trott, 2010).
Facts show that 70% of purchasing decisions are made
in store, even in a planned purchase. (Inman, Winer

& Ferraro, 2009). Thus, a product marketing strategy
may heavily depend on its packaging, one of the most
important elements affecting consumers’ decision-mak-
ing process (Hall, Binney & Barry O'Mahony, 2004).

Consumers interact with the product at the point

of purchase (Kauppinen-Raisanen & Luomala, 2010;
Madzharov & Block, 2010), and their perception of
the product plays an important role before making

a final purchasing decision. (Ampuero & Vila, 2006).
Hence, failure in marketing the product will likely bring

a negative impact to the product, despite its high value
(Ahmad & Ahmad, 2015). Packaging is known to play
pivotal role at the point of purchase. Thus, it is pivotal
to scrutinize how packaging affects one’s purchasing
decision (Deng & Kahn, 2009) in order to avoid losing
the competition (Ahmed, Ahmed & Salman, 2005).

According to Ampuero & Vila (2006), a product image

is divided into two elements, graphic and structural
elements. The former consists of branding, illustration,
typography, color, graphic, and information layout.
Meanwhile, the latter comprises materials, form, size,
and format. The present study focuses on graphic design
elements, including image, shape, typography, and color.
Previous studies have explored the importance of graph-
ic design elements and color (Grossman & Wisenbilt,
1999) in creating a hedonic and sensory expectation that
may influence the actual product experience (de Sousa,
Carvalho & Pereira, 2020) and play important roles in
building consumers’ perception (Wang, 2013) and affect
their decision-making process (Silayoi & Speece, 2007).
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High-class consumers’ products are often related to
a photograph of the product itself, while products for
costumers from price-sensitive groups are associated
with illustration (Ampuero & Vila, 2006). According
to Wu & Xu (2018), packaging does not only display
the product specifically but also triggers emotion and
creates intuitive visual effects for consumers. Picture
implementation should represent the product name,
brand, and product illustration and draw consumers’
emotional interest. Furthermore, it is recommended
to use photography rather than illustration in design-
ing a packaging product. However, the combination
of these two elements, or even the absence of both
elements, in packaging may also serve as an effective
choice in designing packaging (Pensasitorn, 2015).

Typography consists of two types: types of text designed
to be read in extended passages and small size and
those covering various types of font (Bigelow, Dyson

& Lonsdale, 2017). Typography of packaging prod-

uct for higher-class consumer segments usually use
bold, roman typography and use capital letter to give
an elegant impression, while the products for low-

er consumer segments usually use serif and sanserif
typography (Ampuero & Vila, 2006). The important
difference in typography lies in font and display. Accord-
ing to Childers & Jass (2002), fonts used in product
packaging may act as a feature to give casual or lux-
urious impressions. A font could also affect hedonic
perception and behaviors. It does not only function

to communicate written information but also as a
product of hope and association, which will affect its
acceptance (de Sousa, Carvalho & Pereira, 2020).

Packaging color is also discussed from different perspec-
tives in literature. It shapes consumers’ first impression
in their first purchase, affects their perception and emo-
tion, and improves the packaging's visual aesthetics to
attract consumers’ attention (Kuo, Chang & Lai, 2021). It
also differentiates a product from others (Garber, Burke
& Jones, 2000) and help consumers choose the prod-
uct taste (Piqueras-Fiszman, Velasco & Spence, 2012).
Color affects consumers differently, depending on their
ages (Marshall, Stuart & Bell, 2006; VanHurley, 2007).
High-class consumer segments tend to prefer cool and
dark packaging, whereas lower consumer classes are

reported to prefer lighter or colorful packaging (Ampuero

& Vila, 2006). Packaging visuals act as a pivotal mar-
keting strategy in achieving high sales, which could be
attained by considering elements of graphic designs, i.e.,
image, shape, typography, and color. Grounded from the
description above, it is important to scrutinize the factors
affecting consumers’ perception when deciding to make
a purchase and explore the packaging to provide a guide-
line in developing design and communication strategies.

A mind map was made to develop the canned coffee
packaging (Figure 1). The mind map functions to devel-

op the creativity in a problem solving-process prior to
its implementation in the visual image (Chen, 2008).

Male Female Y Z Millenials 20 - 40 years old
' N 1 ' ’
T T
Canned Gender Gen Generation
P N .§ N
Packaging Target audience
' v
Coffee Packaging’s
Graphic Design Element
Visual
Image Shape Typography
[ ] [ ) 1 [ 1
Illustration ~ Photography Fluid Pattern Display Text

By el i \ |

< 1 1 T 1 1 I 1 r 1
Dark Light Dark Light Dark Light Dark Light Dark Light Dark Light

» Figure 1: The mind map of canned coffee packaging
graphic design development

The mind mapping result is then transformed into mood
board (figure 2) to turn abstract ideas into concrete ones,

which is used as a reference to build the canned coffee
packaging design.

» Figure 2: Canned Coffee Packaging Mood Board

The target audiences were men and women of Y, Z,
and Millennial generations between 20-40 years of
age (productive age). Therefore, the mood board was
intended to build a young, exclusive product images.



Making a canned coffee packaging design conceptu-
ally involved two stages: sketch and visual design. The
sketch functions to develop a mind map before turning
it into visual designs. The first sketch of the first element
(image) (see figure 3-A) presents a picture of a glass

of coffee with a splash effect and coffee beans falling
into the glass. This packaging design aims to present

a casual, calm, and mature impression through this
photograph. The second sketch (see figure 3-B) pres-
ents an illustration aiming to deliver a warm, elegant
and classic product impression by displaying coffee
bean, coffee flower, and unroasted coffee bean.

» Figure 3: Photograph (A) and Illustration
(B) Image Sketches

The pattern shape sketch (Figure 4-A) presents a re-

peated abstract shape to deliver a playful and modern
impression.

\k—s;/

» Figure 4: Pattern (A) and Fluid (B) Shape Sketches

Meanwhile, the fluid design (figure 4-B) represents an
idea obtained from water splash. It provides the product

with an elegant, modern, and mature impression. The
display typography sketch (figure 5-A) presented a combi-
nation of typographies, including coffee beans and water
splash with free, irregular styles. This sketch showed
youthful, fun, and vintage senses. In contrast, the text ty-
pography sketch (figure 5-B) presents a more structured
typography showing clean, bold, simple impressions.

- __;‘ "':z:
f >

—— e

A B

» Figure 5: Display (A) and Text (B) Typography Sketches

The canned coffee packaging design is made following
the sketch before being digitally applied. The values of
the three graphic design elements (image, shape, and
typography) were manipulated in order to create the
final visuals of the canned coffee packaging design.

Figure 6: Image Visual Design (Photograph
and illustration)

Journal of Graphic Engineering and Design, Volume 14 (4), 2023.



» Figure 7: Shape Visual Design (Pattern and Fluid)

Cold Brew

» Figure 8: Typography Visual Design (Display and Text)

Problem Statement

Product packaging serves as the main promoter in com-
municating a brand. Its physical attribute is a means

to achieve success through first impressions (Corti-
na-Mercado, Del Este & Rico, 2017) and an important
factor in winning the competition in store racks (Bloch,
1995). Packaging also serves as a communication medi-
um for consumers, as it allows them to gain product
knowledge and eventually enhance the brand effects
through graphic design elements (Wu & Xu, 2018).

Therefore, the present study aims to determine the
most attractive graphic design elements in canned
coffee packaging. This study hypothesizes that study
respondents prefer a photograph in a can packag-

ing. It is also expected that respondents prefer fluid
shapes on can packaging. The third hypothesis in this
study was that respondents preferred text typography.
Lastly, this study expects that respondents prefer all
graphic design elements in canned coffee packaging
manipulated with bright color rather than dark color.

Method

Respondents

This study involved 135 respondents (female respon-
dents 60%, male respondents 40%) between 20 and
40 years of age. They were asked to respond to the
guestionnaire to measure the effectiveness of the
packaging design from consumers’ taste perspectives.

Samples

Samples in this study were ready-to-drink canned cof-
fee products commonly consumed and found in all
supermarket. In order to avoid using certain brand, a
fictitious coffee brand was made. The packaging and
mockups were made using Adobe lllustrator and Adobe
Photoshop CS6. The created design is saved in JPG. An
adjustment of RGB color was made to ensure accurate
color representation in computer or phone screen.

In the first stage of the study, six packaging samples
were compared related to their graphic design ele-
ments, consisting of image (Figure 9), shape (Figure 10),
and typography (Figure 11). In general, samples were
designed using same product size and information with
black and brown background to create an equal design.

Regarding the first element, i.e., image, brown
appeared as the dominant color on can packaging
with photographic visuals, while black with white
gradation at the can bottom was dominant in pack-
aging with illustrative visuals. Regarding the shape,



both fluid and pattern shape was colored black as its
base color. Whereas the typography, both packag-
ing types used black and brown as the base color.

» Figure 12: Value of image 1) Bright Photograph; 2) Dark
Photograph;3) Bright lllustration; 4) Dark Illustration

» Figure 13: Value of shape 1) Bright pattern; 2) Dark
pattern; 3) Bright fluid; 4) Dark fluid

» Figure 10: Shape (Pattern vs Fluid)

BADOU

Cold Brew

» Figure 14: Value of typography: 1) Bright display; 2)
Dark display; 3) Bright text; 4) Dark text

» Figure 11: Typography (Display vs Text)

In the second stage, twelve packaging samples were Results
used by manipulating the value of the image (Figure 12),
shape (Figure 13), and typography (Figure 14). This study used a general question, “ Do you pay

attention to the packaging visuals when buying a
product?” to determine the importance of graphic
design elements of packaging. In this regard, 98.5% of
respondents answered “Yes”, and 1.5% answered “No.”
The next question reads, “ Do you think the visual
display of a packaging important?”, and 96.3% of

Respondents were requested to select the values of
their preferred graphic design elements following their
answers in the first stage.
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respondents answered “Yes,” while 3.7% of respondents
answered “No”. Respondents in this study (n=135) were
requested to show, using a scale of 1-5, how important

a visual design is for them. 37% of respondents

stated that it is highly important, 29.6% stated that

it is important, and 33.3% stated fairly important.

In the first stage, respondents were asked to select
their favourite canned coffee packaging design. In
this regard, most of them (62.2%) preferred photog-
raphy, while 37.8% preferred illustration (Figure 15).

illustration

photography

» Figure 15: Respondents’ preference regarding the
Image (Photograph vs. illustration).

Regarding shape, most respondents (63.7%) preferred
fluid, while 36.3% preferred pattern (Figure 16).

pattern

» Figure 16: Respondents’ preference regarding the
shape (pattern vs. fluid).

They also preferred display typography (64.4%)
, over text typography (35.6%) (Figure 17).

» Figure 17: Respondents’ preference regarding the
typography (display vs.text).

10

The second stage of the study showed that most
respondents prefer brighter graphic design ele-
ments. 43% of respondents were found to prefer

a bright photograph for the image element (Fig-

ure 18), 48.1% of respondents preferred bright fluid
shape (Figure 19), and 37% of respondents preferred
bright displays for the typography (Figure 20).

dark illustration

bright illustration

bright photography dark photography

» Figure 18: Respondents’ preference of the image value
(photograph vs. illustration).

bright fluid

dark fluid dark pattern
15,6%

bright pattern

» Figure 19: Respondents’ preference of shape (pattern
vs. fluid).

dark text
19.3%

bright text

dark display

bright display

» Figure 20: Respondents’ preference of typography
(display vs.text).

Discussion

Based on the study result, visual elements do significant-
ly affect consumers’ decision-making process. According



to Rettie & Brewer (2000), 70% of purchasing deci-
sions are made when seeing the product, implying that
graphic design is needed to deliver attractive packaging
visuals. Regarding the element of image, photography
was viewed as more attractive than illustration. This
preference is possibly due to the fact that they have
more product description through properly positioned,
appetizing photograph. This is supported by Kovac et al.
(2019), who state that photograph is more attractive and
powerful to appetize consumers’ impulsive purchase.

In other words, the first hypothesis was accepted.

Regarding the element of shape, respondents pre-
fer fluid shape rather than pattern, supporting the
second hypothesis. Fluid shape is preferred as it
presents more white spaces when appropriately
designed. Furthermore, respondents prefer display
typography over text, rejecting the third hypothesis.
The use of display emphasizes the font beauty and
exhibits larger visuals, thus making it more attractive
and readable (Bigelow, Dyson & Lonsdale, 2017).

This study also combines respondents’ interest in
graphic design elements and the value of all graphic
design elements, finding that respondents were more
interested in brighter packaging with photograph, flu-
id, and display elements. Manipulating one or more
graphic design elements, including colors, may posi-
tively affect consumers’ attention and their preference.
Packaging color could also communicate product
information at the point of sales (Mohebbi, 2014).

Conclusions

This study concludes that a packaging's visual design
significantly affects respondents' decision-making pro-
cess. Hence, graphic design elements are important to
create attractive packaging visuals for consumers. Pho-
tograph, fluid shape, and display typography could be
used to make a packaging's visual design that may affect
consumers' decision-making process. It should be noted
that brighter colors are preferred over darker colors.

Photography could be applied if the product contains
ingredients displayed on the packaging visuals. It is also
recommended to apply fluid shapes with colors reflect-
ing the product; for instance, using brown color on the
canned coffee packaging represents the product itself.
Moreover, the application of display as typography is also
recommended while paying attention to its readability
to allow consumers to recognize the product easier.
These findings were obtained from respondents 20 to
40 years of age, a different finding possibly obtained
when involving different age groups and products.
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Re-evaluation of the Cerebral
Palsy’'s orthotic need in Adaptive
Seating Orthosis (ASO) design

ABSTRACT

Adaptive seating orthosis (ASO) for Cerebral Palsy (CP) patients in Malaysia
mostly are imported, highly expensive for the bottom millions, bulky and
complicated design structure, and not accommodating users’ preferences.
Through a study involving 10 CP patients with their parents/quardians in Ma-
laysia, the goal of this paper is to re-assess the design needs of CP’s orthotic
in ASO design. The purpose of the study is to identify the difficulties, as well
as the ergonomic and functional problems, in caring for CP patients with the
current ASO. The result of the study revealed several of the problems that
parents/quardians face while taking care of the CP patient, mainly caused
by technical flaws in the current ASO design. Therefore, a few design criteria
have been proposed to solve the addressed problems. The contribution of
this study will help as a preference for the improvement and development of
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Introduction

One of the Six Strategies Trusts outlined in the Eleventh
Malaysia Plan (RMK-11) is to enhance the well-being of
Malaysian people by providing better healthcare, particu-
larly in the B40 group. The treatment for CP in Malaysia;
a long-term condition that developed when areas of the
brain that control muscles are damaged is one of the
main health and well-being problems. Postural control
deficiencies as a major component of gait disturbances

in CP patients have been proposed by medical experts.
The lack of suitable seating modifications has made it
difficult to reach an independent sitting and has had

an impact on their quality of life. Due to the condition,
various Adaptive Seating Orthotics (ASO) products have
been purposely developed and produced for CP patients.
However, the majority of ASOs for CP patients in Malaysia
are imported, very costly for the bottom million, heavy
with bulky and complicated design structure that does
not fit Malaysian anthropometric details, daily used and

preferences (Hui et al., 2011; Kamaralzaman et al., 2018;
Tan & Yadav, 2008; Tharshini et al., 2016). As a response,
it is essential to have a good ASO design that can easily
accommodate day-to-day activities, purposely created
based on Malaysian anthropometrics, and affordable.
Matos et al. (2014) claim that the last decade has seen
an increased emphasis on the design of medical equip-
ment for the disabled, especially on patient safety, and

a few projects have been set up to strengthen these
elements. In any event, Matos et al. (2014) also claimed
that most multidisciplinary organisations responsible for
the advancement of products for disabled have struggled
to recognise and integrate good design as a fundamental
feature. In addition, the perception was compounded

by the belief that the vast majority of items designed

for disabled do not adequately address the actual and
realistic needs of users. For instance, issues such as
symbolic functions, aesthetic or, in outrageous cases,
ergonomic and functionality are not generally consid-
ered significant as mechanical performance or economic
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and innovative variables. Therefore, it is important

that the product development of ASO for CP patients
should include the reflection of designers in consid-
ering influential variables such as users' actual needs,
accessibility, ergonomic elements, and aesthetics. Thus,
our research aims to re-evaluate the ergonomic issues,
needs, functional and practical problem for the devel-
opment of CP’s ASO design in Malaysia, based on the
aforementioned claims. The research model of the study
was based on the framework of Ergonomics Ergo-sys-
tem. Following that, based on the data analysis, a few
design criteria will be outlined in order to determine
the most suitable and appropriate design preferences
for the improvement and development of ASO design.

Cerebral Palsy (CP)

According to Colver, Fairhurst & Phaorah (2014), CP was
defined by the International Executive Committee for
the Definition of CP as a category of persistent mobility
and posture growth disorder, triggering cognitive activity
limitations caused by non-progressive diseases that
have emerged in the developing fetus or infant brain.

In other words, CP is a neurological disorder that is
caused by a non-progressive brain injury, malformation,
or damage to the brain that happens during the growth
of the child's brain (before birth, during or shortly after
birth). Meanwhile, according to Hughes et al. (2012), CP
was described as a collection of persistent disorders of
movement and posture development that cause activity
restriction and are attributable to non-progressive prob-
lems in the developing fetus or new-born brain.

According to Tharshini et al. (2016), most of the babies
born with CP problems are prone to complications such
as; (1) motor movement problems, (2) stiff or loose
muscle problems, (3) weak muscle problems and (4)
body balances problems. Sahinoglu, Coskun & Bek (2017)
suggest that the typical musculoskeletal problems seen
among CP patients are decreased flexor of the hip and
knee. The thoracic-lumbar vertebrae are flexed to coun-
teract the posterior inclination of the pelvis. Back-shifting
balance compensation triggers thoracic kyphosis. How-
ever, in the thoracolumbar region, there is more flexion
that complicates the regulation of the head, and the
patient attempts to keep the head in place by slanting

it forward or backward, which creates swallowing and
speech difficulties. The deterioration of motor behaviour
is closely related to a loss of postural control, creating a
never-ending cycle and deteriorating the patient's static
and dynamic stabilisation. Posture coordination defects
have been indicated by medical professionals as a major
component of gait disorders in CP patients due to a
musculoskeletal problem, as a result, they find it difficult
to remain motionless and spend the majority of their
time sitting.
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Adaptive Seating Orthosis (ASO)

Physical and occupational therapists regularly recom-
mended ASO for CP patients since the 1960s to enhance
their function and strengthen their developmental capac-
ities. According to Bolas & Boyle (2017) through over-
coming participation barriers in daily life activities such as
play, ASO improves the occupational performance of CP
patients. In specific, ASO is widely prescribed to strength-
en posture in persons with disabilities, while improving
volitional upper limb control. This is in line with previous
studies by various researchers who have been actively
searching for the most suitable choice of ASO for CP
patients (Angsupaisal et al., 2017; Chung et al., 2008; Pol-
han et al., 2019; Ries, Novacheck & Schwartz, 2014; Ryan,
2016; Sahinoglu, Coskun & Bek, 2017; Vekerdy, 2007). The
seating orthosis developed by Polhan et al. (2019) and
Sahinoglu et al. (2017) are shown in Figure 1 and Figure 2.

» Figure 1: Definitive custom seating orthosis wheelchair,
adapted from Polhan et al. (2019)

» Figure 2: Adjustable seating orthosis, adapted from
Sahinoglu, Coskun & Bek (2017)

Based on an interview with parents regarding the seating
and engagement of CP patients, Bolas and Boyle (2017)
found that using the autonomous mobility and level of
social skills of ASO patients is considered meaningful if
they can be sociable, learn new skills, be self-sufficient,
have fun, and achieve personal objectives. Therefore,
Bolas and Boyle indicated that when evaluating the

best for CP patients and their families, it is important to
figure out what is relevant and important outcomes.



Based on the study conducted by Rigby, Ryan & Campbell
(2009), the majority of parents reported favourable out-
comes from using the ASO, such as their kid sitting better,
did more, and was more active during the intervention
phase by using the ASO for longer periods. Several par-
ents reported improving the abilities of their child, while
others claimed that their children were happier and
more eager to sit and perform activities, and that they
were now able to engage in face-to-face social contacts,
leading to more socialising with family and friends. After
the devices were withdrawn at the conclusion of the
intervention procedure, some parents reported that
their children were more passive and less engaged, while
others reported that their children were less sociable
and engaging. Nevertheless, parents considered the
seating devices comfortable and easy to use during the
intervention process, and many indicated that their

child needed less assistance from the caregiver. Almost

a quarter of parents mentioned how their child could
join the family for meals, sports and social interactions
now. Parents also reflected favourably on the portability
of the ASO, stating that they used it while paying visits

to relatives and acquaintances at their homes, they took
the ASO with them, and they used it effectively in restau-
rants. A few families confirmed, however that the ASO
did not fulfil the needs of every family. The most pop-
ular concerns were that the ASO does not give enough
assistance, or the essential stability required by their
child. These parents indicated that by using the ASO,
they watched their child more closely. Several parents
said that their child was bothered by the activity seat's
straps and preferred to be confined rather than limited.

The Ergonomics Ergo-
System Framework

Bridger's (2008) ergonomics ergo-system framework was
used to develop the design needs assessment model. In
this research, the framework is developed as a design
paradigm to help designers' design thought throughout
the stages as follows: (1) analysing the case empathi-
cally; (2) brainstorming and developing an idea for the
user's requirements (based on the results of the analysis
stage); (3) conceptualize and modelling process; (4) and
reviewing the design prototype on a regular basis (see
Figure 3). Generally, the framework serves as a blueprint
for optimising system operation, but it can also be used
in product design. The following five groups of theoret-
ical elements of ergonomics speed up the process: (1)
Psychology; (2) Engineering; (3) Anatomy; (4) Physics;
and (5) Physiology. The system's foundation includes the
subject's synchronisation in a specific setting. In order
to make sense of the interaction, the subject's state

or condition (matter) in a given environment or space
must be understood. In theory, the state or situation

will illuminate information on the subject's reflection

on the physics of the world being experienced, as well
as how it affects the subject's psychology and the need

for it. The articulation of anatomy and physiological
requirements, on the other hand, would provide much
needed design information for further refinement.
The design assessment model is used in this study to
determine the design needs of CP patients and their
parents/guardians for product design development.

ANATOMY

INFORMATION
ENVIRONMENT
PSYSIOLOGY PSYCHOLOGY
ENGINEERING PHYSICS

L ., |

IKNOV.VI.EDGEI IENERGY(TRAI‘:SFORMATION)I Ipaonuc;ossmul

» Figure 3: Ergonomic Ergo-system Framework, adapted
from Bridger (2008)

The framework of design
needs assessment

As illustrated in Figure 4, the framework of design needs
assessment (Sani et al., 2019; Kamil, Shi & Sani, 2020)
was developed by incorporating ergonomic contexts, as
described in Bridger's (2008) ergonomics ergo-system
framework. The framework, in general, serves as a quali-
tative research blueprint for the procedures and strategy
to assessing design needs. The framework's basis com-
prises an assessment of the subject's situation through
an open-ended interview and observation study in a
specific environment, such as the activity of daily living.
The theoretical aspects incorporated from Bridger's
(2008) ergonomics ergo-system framework will be uti-
lised as a reference throughout the procedure. Video and
verbalised explanations were gathered as empirical data,
which was then analysed to determine the design needs.

Methodology

Based on Cross's (2001) proposal on the forms of design
research, the nature of this study will be the ‘research for
design’; aims to create an artefacts, design methods, and
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OPEN-ENDED INTERVIEW & OBSERVATION STUDY

VIDEO RECORDING VERBALIZE

ERGOSYSTEM
TEMPLATE

DIFFICULTIES IN ACTIVITY OF DAILY LIVING

1. SITTING

2. TRANSFERRING

3. CLEANING/BATH

4. DRESSING/UNDRESSING
5. FEEDING

6. SLEEPING

THE ASSESSMENT OF
DESIGN NEED

» Figure 4: The Framework of Design Needs
Assessment, adapted from Sani et al. (2019);
Kamil, Shi & Sani (2020)

forms of modelling. In this research, the objectives as
follow: 1) to determine the technical difficulties faced by
the guardians in taking care of the CP patient; and (2) to
analyse the ergonomic issues due to the technical aspect
in the existing ASO support. These research objectives
were derived based on the context of the study; the con-
text that helps to exemplify the primary subject, limits,
and perimeter of information to be investigated, which is
hoped to establish the design preferences for the devel-
opment of ASO for Malaysian CP patients. Based on the
incorporated ergonomic contexts by Sani et al. (2019)
and Kamil, Shi & Sani (2020) the framework of design
needs assessment divides the procedures and illustrates
the strategy in accomplishing the research objective. In
this study, the assessment of the CP’s orthotic need for
the development of ASO design was identified based

on the investigation of problems faced by the guardians
and CP patients such as the ergonomics and functional
issues in using the existing ASO. The study was focused
on the six activities of daily living, as follow: (1) sitting;

(2) dressing/undressing; (3) transferring; (4) cleaning/
giving bath; (5) feeding; and (6) sleeping. Nevertheless,
this study also investigates the burden of cost and main-
tenance in using the existing ASO. Open-ended interview
and observation study were conducted with 10 parents/
guardian of the Malaysian CP patients. The study was
conducted at Hospital Universiti Sains Malaysia in Kelan-
tan during the first year of the research activity. The
interview and observation were recorded using Zoom Q2
HD Video Recorder, and the video was processed using
AVS Video Editor Software. The theoretical framework

of the observation will be focus on behaviour analysis

of the Malaysian CP patients (Austin & Delaney, 1998;
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Zainal Abidin, Christoforidou & Liem, 2009; Kamil, Zainal
Abidin & Hassan, 2018; Kamil, Zainal Abidin & Hassan,
2019b; Kamil, Shi & Sani, 2020; Kamil & Sani, 2021; Kamil,
Hua & Sani, 2022). To extract the clear explanation and
build the abstract thinking of the parent or the guardian,
the analysis of interview in recorded video was system-
atically coded into information categories (Glaser &
Strauss, 2017; Kamil, Zainal Abidin & Hassan, 2019a).

The analysis of the interview in recorded video was part
of the process to gain an empathetic understanding and
inform a clear design need. Using three phases of coding:
(1) open coding; (2) axial coding; and (3) selective coding,
the written verbal transcriptions from the interview data
were analysed and methodically classified into infor-
mation categories (Creswell, 2009; Saldafia, 2009). For
example, in a study of issues in sitting activity (see Table
1), the researcher categorised the parents/guardian's
utterance's selected emphases and obtained the utter-
ance's attributes. Open coding starts with the generation
of simple descriptive labels or speech analysis features
in this work. In the 'Open Codes' column, an extract of
open code from one of those utterance analyses may be
seen. Axial codes, which are more abstract conceptual
categories, are created from the open codes. Selective
coding, in particular, required sorting and relabelling
comparable coded data into conceptual groupings that
were reduced from open codes. During the cycle, the
code is fine-tuned to get the best match, and more than
one axial code may be generated. In addition, data that
was "divided" or "fractured" during the open coding
process will be carefully reconstructed. At this level,

the axis is a category developed from open coding. One
of the aims of early coding is to identify these dimen-
sions and organise the available codes along them.

The open codes in Table 1 have, for example, been
renamed and reorganised in relation to one anoth-
er. The researcher may need to go back to the data
and recode the data in relation to the emergent
concept summarised in the category or dimen-
sion after selecting a category or dimension.

According to Muller & Kogan (2012), Choosing which
codes (from the axial codes) to further develop neces-
sitated a selection on which themes to investigate. By
analysing the interrelationships that occur among the
categories generated in axial coding, the information
was retrieved using selective coding (Creswell, 2009).

The chosen coding retains only relevant and applicable
variables to the core variables along the procedure in
order to generate explicit information. The core cat-
egory (axial coding) was provided as a declaration of
information, which was then categorise and recoded

as selective codes. This approach may need to be per-
formed a few times to establish the relationship between
codes and arrive at the most credible explanation.



Table 1

Sample of Coding (Open Codes): Issues in

Sitting Activity

Table 2 (part 2)
Findings and Analysis of Interviews

Index Respondent 1

Respondent 2

Protocol Time 10:30

14:20

Transcriptions | “His neck will suffer
the longer he sits. The
neck cushioning is

insufficiently comfy.”

“Every time he sits,
his neck appears to
be out of position,
resulting in frequent
coughing and
suffocation.”

Attributes 1. The patient 1. The form of the
is unable to sit neck cushion did not
for an extended support the proper
period of time. neck posture.
2. The neck cushion is | 2. Coughing and
inconvenient to use. | suffocation are
caused by poor
neck position.
Open Codes: The patient is unable | The neck cushion
Categories of of sitting for long is poorly designed
information periods of time. Due | and does not fit
to an uncomfortable | the proper neck
cushion, their posture, resulting in
neck hurts. frequent coughing
and suffocation.
Axial Codes The patient's neck The patient

was hurting due to
a lack of ergonomic
elements in the
neck cushion.

frequently coughing
and suffocation due
to improper neck
posture, resulted
from the lack of
ergonomic elements
in the neck cushion.

Selective Codes

The paddings were not ergonomically
designed to compliant with patients’
necks (unstable head positioning). Causes
frequent coughing and suffocation.

Activity of | Findings and Analysis | Sample of Direct Quote
Daily Living of The Interview
Headrest Padding 1. “His neck will suffer
- The paddings were the longer he sits. The
not ergonomically neck cushioning is
designed to compliant | insufficiently comfy.”
with patients’ necks (Respondent 1)
(unstable head " .
positioning). Causes 2. E_very'nme
frequent coughing he sits, his neck
and suffocation. appears to be out of
- Low quality position, resu/tmg in
paddings, foam is not frequent cough/rzg
sturdy and too soft. and suffocation.
- Cushion/pillow was (Respondent 2)
used as substitute to 3. “To guarantee a
ensure comfortability. | go0d head posture
and comfortability,
| constantly have
to add a pillow.”
(Respondent 3)
Torso and Waist 1. “The waist paddings
Padding are of poor quality...
- The paddings were they are not strong
not ergonomically and are excessively
Sitting designed to compliant | soft.” (Respondent 3)

with patients’
torso and waist.
The paddings did
not hold the torso
and waist firmly.

- Low quality
paddings, foam is not
sturdy and too soft.
- The CP patient
involuntarily tends
to slide sideways,
downward and

Findings and Analysis

Table 2 (part 1)
Findings and Analysis of Interviews

Activity [ Findings and Analysis Sample of Direct Quote

of Daily of The Interview

Living
Spend most of the day 1. “Since I'll be working
lying on the bed. in the kitchen all the
- Location: Living time, we'll put him on
room/bedroom his ASO and leave him in
- Bed criteria: the living room watching
Conventional bed (pillow | tv with an adjusted
as a barrier) /baby bed pillow, where I'll be
(with wood barrier) able to keep an eye on
- The pillow being him....”. (Respondent 6)
adjusted upwards y )

Sitting to let the CP patient 2. “We usually just let

watching television.
- The ASO will be used
for transporting only.

her lie on the bed, but
we make sure there

is a barrier in place to
keep her from falling
out”. (Respondent 10)

3. “We just used the
ASO for transportation
and rarely used it in the
house”. (Respondent 7)

forwards.

- Affecting the back
bones, long term
effects: Scoliosis

2. “He regularly slides
sideways because
the waist padding

is not firm enough.”
(Respondent 4)

Below Limbs Padding
-Unstable knee flexion
due to the decreased
postural control.

Low quality paddings,
foam is not sturdy
and too soft.

1. “He lost his postural
control, which resulted
in an unsteady knee
flexion.” (Respondent 5)

Extremely difficult
to manage the ASO
for transferring.

- Impossible to carry,
fold and move the
ASO due to heavy and
bulky ASO design.
Certain parts on ASO
need to be setup
based on priority to
overcome the issue.
- Certain parts of
the ASO are easily
broken or destroyed.

Transferring

1. “We, as parents,

are growing old and
unable to cope with
this bulky and heavy
design”. (Respondent 8)

2. “I will not fully
configure the ASO
because it takes a long
time and is difficult to
do, and we need to
tailor it to the priority.”
(Respondent 2)

3. “Every time |
tried to prepare the
ASO for him, there
was a component
that would break...”
(Respondent 9)
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Table 2 (part 3)
Findings and Analysis of Interviews

Table 2 (part 4)
Findings and Analysis of Interviews

Activity of | Findings and Analysis | Sample of Direct Quote Activity of | Findings and Analysis | Sample of Direct Quote
Daily Living of The Interview Daily Living of The Interview
Extremely difficult to 1. “It's quite difficult to Plastic chair/netted 1. “To clean my son, my
transfer the CP patient | get him from his bed chair/ lazy chair was spouse placed a lazy
from the bed, car, and | to the toilet or into a used in the cleaning/ chair in the bathroom.”
toilet to the ASO or car.” (Respondent 3) bath process. (Respondent 2)
from the ASO to the " . "
bed, car, and toilet. 2. “She WI'// regular‘/y 2. We purc'hased a
Difficult to handle have a seizure, which rjeﬁmg chair and put
due to regular makes it difficult for it in the bathroom for
seizures happened me to transfer her from him.” (Respondent 3)
to the patient. the bed to the car, or
to the bathroom...”
(Respondent 10) The current ASO is 1. “I can't use water
not water-resistant on the ASO since it's
Parents/guardians 1. “We, as parents, not water resistant.”
UEnsiE g manually lift the are growing old Cleaning/ (Respondent 2)
patient for transferring. | and unable to cope Bath 2. “I tried to clean
Caused back pain with this bulky and him on the ASO, but
and slip disc. heavy design... when it ended up being a
I'm performing the bad idea because
transferring, it hurts my the water ruined the
back.” (Respondent 8) seat.” (Respondent 5)
2. “Three years ago, |
was diagnosed with a The current ASO have | 1. “Cleaning him on
slip disc as a result of no options available to | the ASO is difficult
my frequent manual physically positioned/ | since there is no
lifting.” (Respondent 1) adjusted the CP patient | way to adjust their
to compliant the position on the ASO.”
cleaning/bath process. | (Respondent 7)
Due to a bulky and 1. “I have to manually
heavy design of lift her to the toilet since
ASO, the CP patients the ASO is heavy and Extremely difficult to 1. “l occasionally
were being lifted by bulky.” (Respondent 10) dressing/ undressing dressed or undressed
parents/guardians to Y . . CP patient in sitting her on the ASO as well,
the toilet/bathroom. 2. "l can’t work with the position on the ASO. but it is difficult due
healvylandlbu/lfy ASO, - CP patient tends to restraining because
so I'lljust lift him to”the to restrain or having she has seizures
restroom manuaily. seizure during regularly. Hence, |
(Respondent 3) ; the process. prefer to do it on the
Dreijssmg_/ - As an alternative, bed” (Respondent 10)
Cleaning/ baths the 1. “She will be Undressing | most 9f parents/ 2. “It was much more
CP patients in the restraining because of guardians dressing cc.)nvenientforme
toilet was found to the seizure that occurs or undressing the CP T
be very challenging. regularly, especially patient on the bed i w2 [ s
- The process of_ Whi{e cleaning or resting on the bed.”
cleaning/bath will be | having a bath, and (Respondent 6)
much more difficult it is risky since the
and exhausted due to | tiles are slippery...
Cleaning/ patient restraining or | me and her always Severe level of 1. “He cannot eat the
Bath having a seizure. This | fall in the bathroom.” spastic CP patient regular food, hence
resulted in a slippery (Respondent 10) feed on liquid milk on daily basis | feed
and a series of falls. o ) through machine him milk, which is
- Parents/guardians 2 ,/d ra’ther clean him attached to the ASO quite expensive.”
preferred to do while he's on the bed, for every 2 hours. (Respondent 1)
the cleaning/bath oncea dqy 0 I_USEd Milk is given to the CP
process once a day the cleaning WIPES... patient on a daily basis. | 2. “The machine is on
while the patient is Howeverf there‘W/l/ be the side of the ASO.”
lying on the bed. Issues W'th,hyg’e”e, (Respondent 2)
- Pampers, water spray, and bacterial infection Feeding

water in the basin and
wet napkin were used
during the process
(on the bed). Resulted
in hygiene issues and
bacterial infections
among the patients.

from time to time.”
(Respondent 7)

3. “lusually put on a
pampers on him and
clean him with a water
spray or a wet napkin.”
(Respondent 5)

Intermediate level
of spastic CP patient
feed on soft food
with the help from
parents/guardians

1. “She can eat the
soft regular food, just
the same as ours”
(Respondent 10)

2. “He can eat the

soft regular food, but
with our help to feed
him.” (Respondent 5)
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Table 2 (part 5)
Findings and Analysis of Interviews
Activity of | Findings and Analysis | Sample of Direct Quote
Daily Living of The Interview
Parents/guardian are 1. “When it comes to
not having ergonomic | feeding him, | don't
Feeding issue in feeding the CP | have any issues.”
patient on the ASO (Respondent 6)
Regularly sleeping 1. “Normally, I will
on the bed place him in the bed
with me at night.”
(Respondent 8)
2. “At night, he'll
sleep on the bed.”
(Respondent 2)
Occasionally taking 1. “He will take a sleep
a nap on ASO when on the ASO from time
they were outside. to time, especially
- ASO cannot be when it is outdoors.
adjusted to meet However, he finds
comfortable it difficult to sleep
napping position on the ASO since he
. - The body and waist keeps falling sideways
Sleep_'ng/ paddings fail to firmly | or downwards.”
Napping support the patient’s | (Respondent 4)
body when sleeping, o .
resulting in sideways or 2. “His neck W’l,/ suffer
downwards slipping. the /onge( heAsrts‘. The
- The neck paddings (’ECk ;u;hlon/ng s
fail to conform to insufficiently comfy.”
patients' necks when (Respondent 1)
sleeping, resultingin | 3. “Eyery time
repeated coughing he sits, his neck
and suffocation appears to be out of
- Due to decreased position, resulting in
flexor of the hipand | frequent coughing
knee, patient lost the | ;g suffocation.”
postural control, and | (Respondent 2)
their legs are not in
comfortable position.

Finding and Analysis 1:
Issues in Sitting Activity

Based on the interview, the majority of CP patients spend

the significant amounts of time lying on the bed in the
living room or the bedroom. As indicates by the par-
ents/guardians, the ASO is only used for transportation
purposes. Some parents/guardians will lift the pillow

a bit higher to allow CP patients to watch television or
to improve their comfort (Figure 5). A baby bed with

a wood barrier was used to keep the CP patients from
falling out of bed. In the case of a conventional bed, the
parents/guardians would use a pillow to provide a bar-
rier. When seated on the ASO, most parents/guardians

report that the headrest padding is not comfortable for
CP patients. Parents/guardians emphasized the stiffness
of the headrest padding. The researchers have observed
that the shape and size of the headrest paddings are
not ergonomically designed to compliant with patients’
necks, head and jaws, and low-quality foam was used

in the design. Due to these issues as stated by the par-

ents/guardians, some CP patients had a regular series

of severe coughing and suffocation. Many parents/
guardians covered the headrest padding with additional
cushion or pillow as a solution. In addition, the research-
ers have observed that most CP patients appeared to
involuntarily slide sideways, downward and forwards
while seated on the ASO. The condition arose due to

the inadequate design and structure of the torso and
the waist paddings, which did not secure the patient's
body and waist tightly. As a result, some CP patients have
developed scoliosis. In particular, due to the precarious
flexion of the knee, the lower limbs of the CP patients

were not in a stable position and causes comfortlessness.

» Figure 5: Additional pillow added to the
headrest padding

Finding and Analysis 2:
Issues in Transferring Activity

Transferring the CP patient from the bed, car, and toilet
to ASO was found to be extremely difficult, according
to the interview. The researchers have observed that
the situation arose as a result of the current ASO's
heavy and bulky design, which made it challenging to
fold and move the ASO. In order to overcome the issue,
certain parts on ASO must be attached or detached
according to priority. Nevertheless, the researchers
also discovered that due to repeated folding, certain
parts of the current ASO are easily broken or destroyed.
As an alternative, the majority of parents and guard-
ians manually lift the CP patients for transferring but
exposing themselves to back pain and disc slippage.

Finding and Analysis 3:
Issues in Cleaning/Taking Bath Activity

Based on the interview, cleaning/ baths the CP patients
in the toilet was found to be very challenging. As indi-
cates in the previous section, due to a bulky and heavy
design of ASO, most of the parents and guardians them-
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selves lift the CP patients for transferring, which includes
to the toilet/bathroom as well. In the toilet/bathroom,
some of the parents/guardians will put the CP patients
on plastic chair, netted chair or lazy chair. However, due
to patient restrained or seizures, the process of cleaning/
bath will be much more difficult, resulted in a slippery
and a series of falls. Thus, some of the parents and
guardians preferred to do the cleaning/bath process
while the CP patient is lying on the bed. Diapers, water
spray, water in the basin and wet napkin were used as
an alternative when doing the cleaning/bath activity

on the bed. However, this resulted in hygiene issues
among the patients, leading to bacterial infections and
other health implications. Based on the observation, the
researchers discovered that due to non-water-resistant
characteristics, the current ASO are not functionally
appropriate for cleaning/taking baths, and there are no
alternatives available to physically position/adjust the CP
patient to comply with the cleaning/bath procedure.

Finding and Analysis 4:
Issues in Dressing/Undressing Activity

Based on the interview, most of the parents/guardians
indicates that it was difficult to dressing or undressing the
CP patient when they are in sitting position on the ASO,
and they tend to restrain or having seizure during the
process. As the CP patient growing and become stronger,
the restrain give a difficulty for the parents/guardians to
handle them. As an alternative, the process of dressing
or undressing the CP patient was executed on the bed.

Finding and Analysis 5:
Issues in Feeding

Based on the interview, CP patients with a severe level
of spastic condition feed on liquid milk via a system
connected to the ASO every 2 hours (see Figure 6),
while CP patients with an intermediate level of spastic
condition feed on soft food with the aid of parents/
guardians, according to the interview and observation.
In terms of ergonomics, feeding the CP patient on the
ASQ is not a problem for the parents or guardians.

» Figure 6: Liquid milk feeding machine connected
to the ASO.
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Finding and Analysis 6:
Issues in Sleeping/Napping Activity

According to the interview, CP patients sleep in their
beds regularly and only use ASO to nap while they are
outside, such as for a clinic visit. The ASO, however, can-
not be adjusted to reach a comfortable napping position,
based on the observation. As indicates by parent/guard-
ians, the neck paddings fail to adhere to patients' necks
when napping on the ASO, resulting in repeated coughing
and suffocation. Furthermore, when napping on the ASO,
the body and waist paddings struggle to firmly support
the patient's body, resulting in sideways or downward
sliding. Nonetheless, due to decreased flexor of the hip
and knee, patient lost the postural control, and their legs
are not in comfortable position while sleeping on ASO.

Discussion

Based on the previous literature, a study conducted by
Angsupaisal et al. (2017), Bolas & Boyle (2017), Chung

et al. (2008); Ries, Novacheck & Schwartz (2014), Rigby,
Ryan & Campbell (2009), Ryan (2016), Sahinoglu, Coskun
& Bek (2017), and Vekerdy (2007) have established that
the ASO improves the occupational performance of CP
patients to become more active during the intervention
for a longer periods. Furthermore, the ASO allows the
face-to-face social interactions, leading to increased
sociability with family and friends. However, the use of
ASO can be technically challenging for parents/guard-
ians, as it did not provide adequate support or the
stability required by the anthropometrics of Malaysian
CP patients (Hui et al., 2011). Nevertheless, the average
cost of funding for a patient's needs including purchasing
the existing ASO are highly expensive especially for the
bottom millions (Kamaralzaman et al., 2018). In relation
to this current research objective, the results of the
assessment have shown a multitude of issues faced by
the parents/guardians in taking care of the CP patient
especially during sitting, transferring, cleaning/bath and
sleeping/napping, including the analysis of the ergonom-
icissues due to the technical aspect in the existing ASO.
Furthermore, a lack of expertise and experience in deal-
ing with CP patients among parents/guardian exacerbat-
ed the problems. Hence, a few design criteria were out-
lined with aims to improve the ASO design (see Table 3).

A high density of adjustable/flexible headrests with

the shape and design that corresponds to the physical
condition of the head, neck, and jaw will be implement-
ed for the development of ASO design. These criteria
are to ensure that CP patient's head can be placed in a
comfortable resting position, to avoid frequent coughing
and suffocation, to provide comfort, and to encourage
positive movements of CP patient’s head and neck.



The ASO will also feature high-density body and
waist padding, as well as lumbar protection, back-
rest and side bolsters, and a four-point safety belt.

Table 3

Design Criteria to Improve the ASO Design Development

Design Criteria

Descriptions

High density of adjustable/
flexible headrest with the
shape and design corresponds
to the physical condition of
the head, neck and jaw.

i. Aim to comfortably rest CP
patient’s head and prevent
the tendency of regular
coughing and suffocation.

ii. Aim to provide comfort
and encourage positive
movements of CP patient’s
head and neck.

High density of body and waist
padding with lumbar support,
backrest and side bolster,

and 4-point safety belt.

i. Aim to stabilize the
CP patient’s body
comfortably and firmly.

ii. Aim to prevent the
CP patient’s tendency
from involuntary
sliding to the sideways/
downwards/ forward.

jii. Aim to safely restraint
the CP patient when
having regular seizures.

Adjustable lower limbs
supporter and separator

i. Aim to stabilize and solve
the unstable knee flexion of
the CP patient’s lower limbs.

Simple folding mechanism
and space saving, with lighter
and durable material used

i. Aim to provide an easy and
space saving storage through
a simple folding mechanism.

ii. Aim to provide a lighter ASO
with a quality material used.

Lifting and Transferring
assist features

i. Aim to enhance safety
elements for both parents/
guardians during lifting
and transferring process.

ii. Aim to provide a proper
lifting and transferring process
from the bed, car, and toilet
to the ASO or from the ASO

to the bed, car, and toilet.

Easy cleaning mechanism
with water flowing and
resistant features.

i. Aim to reduce the needs
of lifting and transferring
to the toilet by providing
an alternative to do the
simple cleaning process
while sitting on the ASO.

ii. Aim to ensuring
a good hygiene

Visually aesthetic

i. Aim to boost confidence
level, reduce the detrimental
effect, tension and stress
among parents/guardian
and patients through

the quality of aesthetic
appeal in ASO design.

ii. Aim to the provide
appropriate comfort of the
patients’ psychological and
physiological response.

These criteria are intended to keep the CP patient's
body stable and secure while sitting, to avoid the CP
patient's involuntary sliding to the side, downwards, or
forward, and to securely restrain the CP patient while
having recurrent seizures. Furthermore, an adjustable
lower limbs supporter and separator will be included
to stabilize and overcome the CP patient's lower limbs'
unstable knee flexion. Nevertheless, an easy folding
feature with a lighter and durable material will be intro-
duced as well, with the goal of providing a lighter ASO
with high quality material and efficient space saving
purposes. With regards to ensure the safety for both
patients and parents/guardians, lifting and transfer-
ring assist feature will be implemented to provide a
proper lifting and transferring process from the ASO
to the bed, car, and toilet or from the bed, car, and
toilet to the ASO. Finally, the ASO will be fitted with

an easy cleaning system that includes water flowing
and resistant features, with the goals of reducing the
need for lifting and moving to the toilet, providing an
alternative to doing the basic cleaning process while
sitting on the ASO, and maintaining good hygiene.

Conclusion

Based on the findings and analysis, the aims of this study
have been met; 1) to determine the technical difficulties
faced by the parents/guardians in taking care of the CP
patient; and (2) to analyse the ergonomic issues due to
the technical aspect in the existing ASO support. Based
on the results of interview and observation, it can be
concluded that there are various ergonomic and techni-
cal issues in the existing ASO including a series of chal-
lenges experience by the parents/guardians in taking care
of the CP patient. Furthermore, throughout the research
process, the implementation of ergonomics ergo-sys-
tem and the framework of design needs assessment is
beneficial to incorporate the CP's orthotic needs. The
implication of this study helps the researchers to estab-
lish significant design criteria for the development of ASO
designs in the near future, which in line with one of the
Six Strategies Trusts in Eleventh Malaysia Plan (RMK-11);
to enhance the well-being of Malaysian people (partic-
ularly in the B40 group) by providing better healthcare.
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Comparison of colourimetric
results obtained by spherical and
spectrophotometer with directional
geometry on samples with extreme

UV varnish application

ABSTRACT

It is known that gloss has a significant impact on colour measurement. The
UV varnish used for surface finishing, spot effects, as well as special effects,
such as 3D effects and formation of Braille, has a pronounced gloss effect. In
this work, a comparison of the spectrophotometer measurement geometry
influence on the colour measurement of an unprinted PVC sample covered
with UV varnish was done. UV varnish was applied successively in layers,
and patches with different number of varnish layers, from 1 to 12, were
formed. Two spectrophotometers with different measurement geometries
were used for the measurement: Konica Minolta CM-2600d with d/8 mea-
surement geometry, with spectral reflection included and excluded, and
different measurement aperture 3 and 8 mm, and X-Rite eXact with 45/0
measurement geometry. By comparing the measurements, it was estab-
lished that there is a significant difference in the measured values between
different measuring device geometries on the given samples, and that the
number of UV varnish layers has a significant influence on this difference.
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Spectrophotometer geometry, UV varnish, plastic, colour difference
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Introduction sured results can significantly differ among different
measuring geometries, depending on the character-
Spectrophotometers represent colour measuring istics of measured sample (Dalal & Natale—Hoffman,
instruments which are the most reliable and precise. 1999; Kandi, 2011; Mili¢, Novakovi¢ & Kasikovi¢, 2011).
Different factors influence perceived colour; thus, it can
be concluded that also different measuring conditions Two most common measuring geometries are directional
influence measured colour. The illumination condi- and diffuse. There are two types of directional geometry:
tion and viewing angle are most important of them. 45/0 and 0/45 (figure 1a and b). The first number stands
Therefore, measuring geometry have a great impact on for illumination angle, and second for optics. Since the
measurement results (Dalal & Natale-Hoffman, 1999). optics are positioned at an angle of 45 degrees related
It has been shown in some previous studies that mea- to the illumination, they do not detect specular
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reflection. In case of diffuse geometry, there are two
common types: d/8 and 8/d (figure 1 c and d). The letter
d stands for diffuse, which means that illumination or
viewing is not directional but diffuse. This is achieved
with use of an integrating sphere. Number 8 represents
the angle of optics. In first case, d/8, instrument illumi-
nates the sample from scattered directions and reflected
light is detected at an 8-degree angle. In second case,
8/d, instrument illuminates the sample at an 8-degree
angle and reflected light is detected from scattered direc-
tions. In this kind of geometry, specular port can be used,
in order to exclude specular component. Therefore, with
this kind of instrument two modes of measurement can
be done —the specular component included (SCI) and
the specular component excluded (SCE). With mode
SCE, the idea is to exclude the specular component,

and obtain measurement similar to 0/45 geometry.
Since the size of the specular port is limited, sometimes
itis not able to allow all of the gloss to escape, thus
measurements between 0/45 geometry and diffuse
geometry with the specular component excluded may
vary (Kandi, 2011; Mili¢, Novakovi¢ & Kasikovi¢, 2011;
Yuan, Yan & Jin, 2013; Berns, 2019). Size of specular port
and integrating sphere is not specified by CIE, which
leads to inconsistency between measurement results

of two different instruments (Yuan, Yan & Jin, 2013).

A L

L

45°:0° 0°:45°
Q
d:0° 0°:d

» Figure 1: Spectrophotometer measuring geometries (a)
45/0, (b) 0/45, (c) d/0 and (d) O/d (Berns, 2019: p.117)

Both geometries have some advantages and are used for
different purposes. Since the observed and measured
sample is another factor that has great influence on
measurement, type of selected geometry depends on it.
In case of samples with matte, regular surface, reflected
light is almost same at all angles, thus results obtained
with diffuse, both SCI and SCE, and directional geometry
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would be almost equal. But, in case of gloss or surfaces
that are not flat and regular, diffuse geometry shows
its supremacy (Mili¢, Novakovi¢ & Kasikovi¢, 2011).

Colour that is measured or perceived is influenced by
amount of detected light that is reflected from surface
(Dalal & Natale—Hoffman, 1999). It is known that an
object’s gloss greatly influences perceived colour (Dalal
& Natale—-Hoffman, 1999; Luo & Cui, 2009). Assessment
of samples with different gloss levels is challenging, since
agreement between visual and instrumental assessment
is not clearly defined. Unlike a measuring instrument, a
person can very simply change the observation condi-
tions, as well as the viewing angle, to give a visual assess-
ment of the sample. In this way, a person can simultane-
ously consider both the gloss and the colour itself. With
measuring instruments, the lighting and observation
conditions are fixed, which leads to the fact that the
instrument does not observe the sample in the way we
see it (Datacolour, n.d.). This is summarized in Table 1.

Table 1

Comparing readings with different types of mea-
suring geometries or assessments on matte, regu-
lar surface, and gloss and/or irregular surface

Type of measuring |Matte and Gloss and/or

geometry or regular surface irregular surface
assessment
Directional ’ ’ Great variations
Consistent readings | . )

geometry in readings

. ’ ) Consistent
Diffuse geometry |Consistent readings ;

readings

Great variations
in readings

Directional vs.
diffuse geometry

Nearly identical
readings

Visual vs.

A Agreement not

instrumental Good agreement )
clearly defined

assessment

When observing samples, person usually rotates the
sample to avoid specular reflection. If we take that into
account, the measuring geometry of 45/0 and 0/45 is
closer to human colour vision. It is generally accepted
that these measurement geometries have a better
agreement with the visual assessment of glossy samples.
Still, these geometries are not always best solution. They
showed poor performances for computer formulation
and correction applications. Also, there is a problem for
making corrections of batch. These instruments include
gloss differences in measurement results. In case of
gloss variations from batch to batch, gloss differences
will be taken as colour differences (Datacolour, n.d.).

When comparing objects that have same colour, but
different gloss characteristic, matte object seems to



have less intense colour, and its lightness is higher,
while chroma is lower, compared to corresponding
gloss object (Dalal & Natale—Hoffman, 1999; Luo & Cui,
2009). Gloss also has major effect on colour measure-
ment. Small differences in viewing geometry can lead
to significant variations in colourfulness, particularly
lightness, while change in hue is not so noticeable (Luo
& Cui, 2009; Yuan, Yan & Jin, 2013). When measured
using 45/0 geometry, colours seem more saturated.
This is not so obvious in case of colours that have low
chroma and for saturated colours (yellows) of high
reflectance. Differences in saturation are largest in case
of dark colours (Knowles Middleton, 1953). For material
with same colour but different gloss, diffuse measuring
geometry, mode SCI, obtains the uniform results. SCI
geometry covers up gloss differences, and shows real
colour difference (Datacolour, n.d.; Randall, 1998; Yuan,
Yan & Jin, 2013). But results obtained with 45/0 measur-
ing geometry will show pretty large colour differences
(Randall, 1998). Diffuse instruments detect all of the
reflected light; thus, the measured colour is independent
of sample gloss. Instruments with 0/45 geometry, quite
the opposite, do not detect nearly all specular reflect-
ed light, thus the measured colour is quite dependent
on the sample gloss (Dalal & Natale—Hoffman, 1999).

UV varnish can be applied directly to substrate, even
nonabsorbent, in order to achieve different gloss levels,
tactile finishes or drip-off effects. It is used more and
more for achieving additional value, especially as spot UV
varnish on packaging. The goal is to improve brilliance
and glossiness of the printed media underneath. This can
be achieved with just a few um of UV varnish. When the
goal is to achieve tactile effects, like embossed texture,
layer of applied varnish needs to be thicker, in the range
from 20 to 200 pum. This can be reached by applying
number of UV varnish layers, one on top of the other.
Since UV varnish can be instantly cured after printing,
these layers can be printed on the same spot. In this
way, UV varnish is also used for printing braille letters,
and also illustrations in braille books, signage and label-
ing in galleries and museums, etc. (Vujci¢ et al., 2021).

There are some researches that investigated influence

of UV varnish on optical characteristic of substrate. They
showed that applied UV varnish has impact on colour dif-
ference (Majnari¢, Bolanc¢a Mirkovi¢ & Golubovi¢, 2012;
Gali¢, Ljevak & Zjaki¢, 2015).

This paper investigates influence of different measuring
geometries on the results of colour measurement for
samples with different number of applied varnish layers.
Also, influence of number of applied varnish layers on
measurement difference between geometries

was investigated.

Methods and Materials

Measurements were done on DuraGo PVC plastic (Tekra,
LLC., USA) samples 0,5 mm thick. Samples were unprint-
ed and covered with UV varnish on printing machine
VersaUV LEC300 (Roland DG Corporation, Japan, 2011),

in different number of layers, from 1to 12 (Figure 2).
Liquid UV varnish was transferred directly to the printing
substrate, in this case a PVC plastic, and then cured with
UV light. ECO-UV varnish, EUV-GL v.4, the following com-
positions were used (Roland, 2019): 1,6-Hexamethylene
diacrylate 20-30%, 2-Methoxyethyl acrylate 20-24%,
Benzyl acrylate 10-25%, N-Vinyl caprolactam 10- 20% and
Diphenyl (2,4,6-trimethylbenzoyl) phosphine oxide 5-
10%. The printing was done from 1to 12 layers, so colour
difference could be monitored with every additional layer
of varnish. Final 12 layers of varnish were applied, since
previous research showed that with this number of layers
of UV varnish legible Braille is obtained (Milos, Vujci¢ &
Majnari¢, 2021). Gloss mode (drying with one UV lamp)
was used for printing. The print resolution was 740 x
1440 dpi. The direction of printing was set to unidirec-
tional, and rasterization was done according to the dither
method. Printing was done in high quality mode- higher
amount of varnish and resolution, and lower speed. It

is printed using a DX4 Epson piezo Inkjet head with dot
size of 3,5 pL (Format Media Ltd., 2010). After 5 layers,
the height of the head was changed to a higher level.

During exposition to UV light and polymerization
process printed UV varnish turns yellow. It is due to
photoinitiators, which become yellow during the cur-
ing process and exposition to UV light, and with more
varnish layers the yellowness is more pronounced.

It can be noticed in Figure 2. UV varnish was printed
with the printing machine VersaUV LEC300, which
uses LED UV lamps for curing. The deficiency of expo-
sition to the UV light spectrum emitted by these lamps
is more pronounced yellowness of UV varnish.

» Figure 2: Scanned sample

After that, the Lab values of the given samples, before
and after applying different number of layers of UV
varnish, were measured. Colour characterization

was done with two types of spectrophotometers:

« Konica Minolta CM-2600d (Konica Minolta Sens-
ing, Inc., Japan)- d/8 diffuse geometry with the
measurement aperture 3 mm and 8 mm and two
measurement modes:
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SCI- the spectral component included and
SCE- the spectral component excluded and
« X-Rite eXact (X-Rite, Inc., USA)- 45/0 geome-
try with the measurement aperture 2 mm.

The colour coordinates of the samples were obtained
using standard illumination D50 and standard observer
angle 2°, according to ISO 3664:2009 (International
Organization for Standardization, 2009). Measure-
ments were repeated 10 times for every sample.

Results obtained with two kinds of geometry were
compared. The colour difference between measure-
ments done with d/8, SCl and SCE, measurement
aperture 3 and 8 mm, and 45/0 spectrophotometer
was calculated for each sample, using the CIEDE2000
(1:1:1) colour difference formula (Luo, Cui & Rigg,
20071). For easier distinction of different apertures and
modes, in case of diffuse measuring geometry, fol-
lowing marks were used: di:8/3mm, where d stands
for diffuse, i for SCI, 8 for angle and 3mm for measure-
ment aperture; de:8/3mm, where e stands for SCE.

Results and Discussion

In Figure 3. are presented colour difference values of
measured sample before and after printing different
number of UV varnish layers, from 1to 12, measured
with di:8/3mm, de:8/3mm and 45/0 measuring geom-
etry. From the presented results, it can be noticed that
spectrophotometer measurement geometry influences
the colour coordinates of UV varnished samples. Differ-
ences between measured Lab values of unprinted plastic,
before applying UV varnish, are in range from 0.41 to
0.65. After applying UV varnish, differences between
measurements are higher, especially between di:8/3mm
and 45/0 geometries. When comparing di:8/3mm or
de:8/3mm with 45/0, these differences are significant-
ly higher with every additional layer of varnish, while
they are not changing significantly between di:8/3mm
and de:8/3mm. Differences between measured Lab
values with di:8/3mm and de:8/3mm are changing in
range from 1.29 to 1.74 after applying different number
of UV varnish layers, from 1to 12, and these changes

are not regular, but they are also not significant.

Differences between di:8/3mm or de:8/3mm with 45/0
are much higher. They are a little bit higher between
di:8/3mm and 45/0. After first and second layer of

UV varnish, difference between measurements is
extremely higher, and after applying third layer of UV
varnish difference is not changing drastically. With
every additional layer of UV varnish, there are some
changes in calculated colour difference values, but
they are not significant. This is case for both di:8/3mm
and de:8/3mm measurements compared to 45/0.
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Figure 3: The CIEDE2000 (1:1:1) colour difference
of the unprinted sample before and after applying
certain number of UV varnish layers, between d/8°
spectrophotometer with measurement aperture
3mm, both SCI and SCE, and 45°/0°
spectrophotometer measurements

In Figure 4. are presented colour difference values of
measured sample before and after printing different
number of UV varnish layers, from 1to 12, measured with
di:8/8mm, de:8/8mm and 45/0 measuring geometry.
From the presented results, it can be noticed, again, that
spectrophotometer measurement geometry influences
the colour coordinates of UV varnished samples. Differ-
ences between measured Lab values of unprinted plastic,
before applying UV varnish, are in range from 0.55 to
0.84. After applying UV varnish, differences between
measurements are higher, especially between di:8/8mm
and 45/0 geometries. When comparing di:8/8mm or
de:8/8mm with 45/0, these differences are significantly
higher with every additional layer of varnish, while they
are not changing significantly between di:8/8mm and
de:8/8mm. Differences between measured Lab values
between di:8/8mm and de:8/8mm are changing in

range from 1.45 to 1.83 after applying different number
of UV varnish layers, from 1to 12, and these changes

are not regular, but they are also not significant.

Differences between di:8/8mm or de:8/8mm with 45/0
are much higher. They are higher between di:8/8mm
and 45/0. After first and second layer of UV varnish,
difference between measurements is extremely higher,
and after applying third layer of UV varnish difference
is not changing drastically, and with every additional
layer of UV varnish, this difference is smaller. This is
case both for di:8/8mm and de:8/8mm measure-
ments compared to 45/0. Changes are smaller for
de:8/8mm measurements, but trend is same for both
types of measurements — di:8/8mm and de:8/8mm.

There is some unusual colour difference drop at 7
layers of UV varnish, and there was no logical explana-
tion for this occurrence. Maybe it could be related to
the position of patch with 7 layers of UV varnish. The
test form was printed in the way that in one row were
printed patches with 1to 6 layers, and in second row



were patches with 7 to 12 layers of UV varnish (Figure
2). Although, there is no certain connection between
position and measured values. Also, compared to mea-
surements done with measurement aperture 3mm,
difference is much higher, and it also increases, almost
linear, with every additional layer of UV varnish.
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» Figure 4: The CIEDE2000 (1:1:1) colour difference
of the unprinted sample before and after applying
certain number of UV varnish layers, between d/8°
spectrophotometer with measurement aperture
8mm, both SCI and SCE, and 45°/0°
spectrophotometer measurements

Finally Figure 5. presents colour difference values of mea-
surements with di:8/3mm and de:8/3mm compared to
di:8/8mm and de:8/8mm. From the presented results, it
can be noticed, that spectrophotometer measurement
aperture also influences the colour coordinates of UV
varnished samples. Difference between measured Lab
values of unprinted plastic, before applying UV varnish

is 0.36 for SCl and 0.49 for SCE. After applying first and
second layer of UV varnish, differences are a little bit
smaller. This can be caused by flattening sample sur-
face, which leads to more similar results obtained with
different aperture. Since surface irregularities influence
measured results, more even surface will lead to closer
results, independent of aperture size. After applying third
layer of UV varnish, this difference is higher. With apply-
ing every additional layer of UV varnish, colour difference
between measurements with same geometry, but differ-
ent aperture size, is higher. This change is almost linear,
and is a little bit higher in case of de:8 measurements.

Comparing differences for d/8 measurement geome-
try between same measurement mode and different
aperture size (3 mm and 8 mm), with differences
between same aperture size but different mode (SCI
and SCE), it can be concluded that aperture size has
greater influence on measured results, than measure-
ment mode. This can be explained by part of surface
sample taken into observation and measurement,
since surface is glossy and transparent. Influence

of applied UV varnish on measurement is different,

if different part of surface sample is observed, due
to different transmission and reflection of light.
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Figure 5: The CIEDE2000 (1:1:1) colour difference of
the unprinted sample before and after applying certain
number of UV varnish layers, between d/8° spectro-
photometer with measurement aperture 3mm and
measurement aperture 8mm, for SCl and SCE measure-
ments

In order to express the difference in obtained measure-
ments for each sample, but using different measuring
geometries and aperture sizes, with one number, mean
colour difference from the mean (MCDM) calculating
method was used. This means that the CIEDE2000
between each measurement and the average Lab
coordinates of the data set (data sets are Lab measure-
ments obtained with different measuring geometries
and aperture sizes for the unprinted sample and each
layer of UV varnish) was calculated. The calculated
average of each set of CIEDE2000 are the MCDM val-
ues presented in Table 2 (Nadal, Cameron Miller &
Fairman, 2011). It can be noticed that with every addi-
tional layer of UV varnish, MCDM between measure-
ment geometries is larger. This confirms influence of
number of layers of UV varnish on difference between
obtained values for different measuring geometries.

Table 2

Mean colour difference of the mean between mea-
surement geometries for sample before and

after applying each layer of UV varnish

MCDM between

measurement geometries
PVC plastic 0,33
1UV varnish layer 1,06
2 UV varnish layers 1,67
3 UV varnish layers 2,08
4 UV varnish layers 2,4
5 UV varnish layers 2,62
6 UV varnish layers 2,71
7 UV varnish layers 2,65
8 UV varnish layers 2,96
9 UV varnish layers 3,22
10 UV varnish layers 3,30
11 UV varnish layers 3,67
12 UV varnish layers 3,67
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Conclusions

From presented results it can be concluded that mea-
suring geometry has great influence on measurement
results of samples covered with UV varnish. Also, it

can be concluded that with increase of numbers of UV
varnish layers, difference between measurements also
increases. Difference is largest between di:8/8mm and
45/0 measurements. Differences between d/8 and 45/0
geometries were generally larger when measurement
aperture for d/8 geometry was larger. With increase of
numbers of varnish layers, difference between measure-
ments was also increasing, especially after application
the first few layers of UV varnish, where difference
between them is drastically changing. Differences in
case of SCE geometry have the same trend as differenc-
es for SCI geometry, but they are a little bit smaller.

Differences between different modes, SCl and SCE, and
also different measurement aperture size were also
compared. In case of different mode, despite mea-
surement aperture size, differences after applying UV
varnish were fairly uniform, and not so significant. In
case of measurement aperture size 3 mm, differences
between SCI and SCE modes were in range from 1.29
to 1.74 for different number of applied layers, and in
case of measurement aperture size 8 mm, differences
were in range from 1.45 to 1.83. It can be noticed that
difference between modes is not so pronounced, and
this is probably due to imperfection of specular port.

In case of same mode, but different measurement
aperture size, differences were linearly increasing with
increased number of UV varnish layers. Differences for
both modes were almost same. They are slightly lower
in case of SCI mode. At first two layers of UV varnish,
difference between measurements is lower than before
applying UV varnish. This could be explained by flatter
sample surface after applying UV varnish. This cause
more similar results obtained with different aperture
size. Since irregularities of surface influence results of
measurement, more even surface will generate more
uniform results, independent of aperture size, since
influence of varnish gloss is still not so significant. With
increasing number of UV varnish layers, difference is
also increasing and becoming more significant. This is
probably due to part of surface sample that is measured,
since surface is glossy and transparent. Influence of UV
varnish is different, if different part of surface sample
is measured, due to different transmission and reflec-
tion of light. Considering all this, it can be concluded
that aperture size has great influence on measured
results, in case of extreme application of UV varnish.

Comparing obtained colour differences for differ-
ent modes and different aperture sizes, in case

of diffuse geometry, for PVC plastic UV varnished
samples, with different amount of applied varnish,
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it can be concluded that aperture size has greater
influence on measured results, than mode used.

Further research should be focused on examination

of samples first printed with process colours, before
applying UV varnish, to see how colour affects measure-
ment results with different measurement geometries.
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The effect of carbonyl components of
printing substrates on the durability
of UV thermochromic prints

ABSTRACT

Special effects on a printed product can increase consumer’s interest in

a product and therefore lead to higher revenues in consumer industries.
For that purpose, graphic industry introduced various technologies and
materials that would have such an effect and enhance consumer-goods
interaction. One of those solutions is thermochromic printing. Although
bringing added value, thermochromic inks have some challenges in
application due to their higher sensitivity, especially when exposed to UV
light. Therefore, the goal of this work is to determine whether amount

of the UV radiation during curing of UV thermochromic prints, as well

as exposure after printing would degrade the thermochromic print on
various substrates. UV thermochromic prints were made on three different
paper printing substrates using the screen printing method and dried in a
laboratory controlled unit. Synthetic paper, recycled paper containing 100 %
recycled cellulose fibers and bulky voluminous paper were used as printing
substrates. During the UV curing of the ink, no photooxidation of the prints
occurred. Additional exposure of the prints to UV radiation (after the ink
has hardened) leads to their photooxidative degradation, i.e., a change in
the initial color. The obtained colour difference (AE) is increasing with the
increase of the irradiation amount. The highest colour difference is on the
synthetic paper while prints on two other substrates are more resistant to
UV light. A print on synthetic paper photooxidizes the fastest due to the
presence of most carbonyl groups in it. Generated free radicals promote
the instability of prints on synthetic paper. Research has proven that when
using synthetic paper or substrates with similar characteristics, care should
be taken to accurately determine the amount of UV energy required for
curing in order to prevent photodegradation of the ink. The results also
show that to explain any degradation of prints, the chemical components
of the paper needs to be taken into account, which is rarely done.
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Introduction

differ mainly with respect to the printing process for

which they are intended. When applied to a sub-

Printing inks are colored complex mixtures, liquids or
pastes consisting mainly of colorants (pigments or dyes),
binders (resins), solvents (organic or aqueous-based)
and additives (chelates, antioxidants, surfactants, bio-
cides, etc.). Their composition and physical properties

Journal of Graphic Engineering and Design, Volume 14 (4), 2023.

strate, the printing inks must change to a solid state.
The inks must dry as quickly as possible and can be
dried physically (evaporation) and chemically (oxida-
tion, radiation-induced curing) or by a combination of
both (White & LeBlanc 1999; Leach & Pierce, 2007).
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Radiation-induced curing includes ultraviolet radiation,
infrared radiation, electron beams, microwaves, and
radio frequency. Ultraviolet (UV) inks are hardened by
UV radiation. UV curing (ultraviolet curing) is a process
that uses ultraviolet light to initiate a photochemical
reaction that creates a cross-linked polymer structure.
It can be used in flexographic, offset, screen printing
and pad printing processes. UV curing is used in the
finishing of instruments (guitars, violins, etc.), the
production of billiard cues and other wooden objects.
UV printing is possible on different substrates such

as plastic, paper, canvas, glass, metal, films and many
other materials. The main advantage of curing with

UV light is the speed of production, i.e., there is no
need for drying time between printing and finishing.
Speeding up drying can reduce defects and errors by
reducing the amount of time the ink spends wet. This
can increase the quality of the finished product (Leach &
Pierce, 2007; Robert, 2015; MaclLaren & White, 2003).

Thermochromic printing inks change color under
the influence of heat (Civan et al., 2020). Instead of
classic pigments, they contain microencapsulated
leuco dye-developer-solvent systems. They can also
contain a mixture of classic pigment and microcap-
sules. The thermochromic effect is caused by the
formation of a leuco-dye developer complex inside
the microcapsules. The microcapsules typically have
an average particle size of a few micrometers (Phil-
lips, 2000; Ma et al., 2020; Panak et al., 2017).

Many thermochromics dyes are of the spirolactone type.
A common example is crystal violet lactone (CVL). The
thermochromic mixture is about 75-95 mol % solvent,
the solvent melting point largely controls that of the
mixture. Long-chain alkyl alcohols are most often used
as solvents. Microcapsules are dispersed in a vehicle.
The most widely used system for microencapsulation of
thermochromic inks involves urea, melamine, melamine-
formaldehyde, gelatine-gum arabic and epoxy resins
(MacLaren & White, 2003; Panak et al., 2017).

The thermochromic inks communicate with the
customer by changing appearance as the ambient
temperature changes, providing additional infor-
mation. On the other hand, their composition with
microcapsules makes them sensitive in application
and use. The microencapsulated thermochromic
pigments usually have medium particle size of a few
micrometres, which is about ten times larger than
the particle size of conventional pigment particles.

In this paper, prints of thermochromic ink that
hardens with UV radiation on three different
paper substrates were analyzed. The aim of the
work was to determine whether paper compo-
nents affect the UV stability of ink prints.
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Materials and Methods

Printing substrates, printing
ink and printing trials

For this study, three different paper substrates were used
for printing with UV curable thermochromic screen printing
ink: synthetic paper (Yupo, 73 g/m?) extruded from poly-
propylene pellets, recycled paper (Mondi, 80 g/m?) con-
taining 100 % recycled cellulose fibres, bulky voluminous
paper (Munken Print White, 80 g/m?), which contains
woodfree pulp and more than 10 % groundwood pulp.

A leuco dye based, UV curable screen printing ink
(Chromatic Technologies, Inc.) with an activation tem-
perature of 31°C (according to the manufacturer) was
used to print the paper samples. Below the activation
temperature, the thermochromic UV curable screen
printing ink was purple in colour; above the activation
temperature, the printing ink was pink. The ink was
printed using a semi- automated (squeegee motion)
screen printing device (Holzschuher K.G., Wuppertal,
Germany) with a 60/64 screen printing mesh. The
printed samples were dried under UV irradiation (30
W/cm) using the Technigraf Aktiprint L 10-1 device.

All samples were printed in solid colour. The samples
were denominated as: B — print on bulky paper, R —
print on recycled paper, S — print on synthetic paper.

For the determination of UV light degradation, the
dried samples were further exposed to UV radiation
using the Technigraf Aktiprint L 10-1 device for defined
energy in of 1-5 J/cm?. The energy was determined
using the Technigraf UV-Integrator which mea-

sures in the wavelengths between 320-420 nm.

Kappa number of bulky paper

The lignin content in bulky paper was determined by
the method Kappa pulp number, Test method TAP-
PI/ANSI T 236 om-22 TAPPI/ANSI T 236 om-22. The
kappa number is a key test method for determining
the lignin content remaining in a sample. The kappa
number is based on the reaction of a strong oxidizing
chemical, potassium permanganate, with lignin, as well
as small amounts of other organic impurities remain-
ing in the pulp. The percentage of lignin in a sample
whose kappa number is determined by the procedure
in the specified standard test method is approxi-
mately determined using the following equation:

Lignin level (%) = Kappa number x 0.13
Infrared (IR) spectra

To analyze the printing substrate composition, infra-
red (IR) spectra of the papers were recorded using



the attenuated total reflectance (ATR) technique. A
Bruker Equinox 55 interferometer, equipped with a Pike
Technologies MIRacle ATR holder with a reflection crys-
tal made of diamond and ZnSe, was used to acquire
the ATR spectra. The spectra were measured in the
4000-600 cm ™ spectral range at a resolution of 4 cm ™,
averaged over 32 scans. The raw ATR spectra were cor-
rected using the extended ATR correction algorithm.

Scanning electron microscopy
(SEM) of prints

JSM-7000F, thermal field emission scanning electron
microscope (FE SEM) manufactured by Jeol Ltd., was
used to assess print’s surface. FE SEM was coupled with
EDS/INCA 350 (energy dispersive X-ray analyzer) manu-
factured by Oxford Instruments Ltd. The prints inspect-
ed by FE SEM were coated with a conductive layer.

Colour measurement

In order to determine the hysteresis curves, the
prints were heated and then cooled on a thermo-
regulating metal plate in the temperature interval
in which they change color: from 22.5 °C to 30 °C.
Measurements of colourimetric CIE Lab values L*,
a*, b* on printed paper substrates were performed
using SpectroDens (manufacturer Techkon).

Colorimetric values are the result of averaging 20
measurements for each parameter. Color differences
between non-irradiated and UV-irradiated samples
and samples at different temperatures were calculated
using the AELab equation (Mokrzycki & Tatol, 2011).

Results and discussion

The IR analysis of the printing
substrate composition

The qualitative composition of the papers was analyzed
by means of the IR spectroscopy (Figure 1). The ATR spec-
tra of recycled and bulky papers corresponded mostly

to cellulose, indicated by the strong broad bands of the
O—H stretching (3330 cm™), COH and HCC deformation
(1500-1300 cm™), C—C and C-O stretching (1160-950
cm™) as well as COC and CCO deformation (899 cm™) of
the glucopyranose ring (Proniewicz et al., 2001). Beside
the cellulose bands, the phenyl ring vibrational bands
(1594 and 1274 cm™) were observed in the ATR spec-
trum of bulky paper, pointing to presence of lignin in

its structure (Derkacheva & Sukhov, 2008). Unlike the
cellulose-based papers, the intense band (1432 cm™)
observed in the ATR spectrum of synthetic paper, was
assigned to the methyl and methylene deformations, con-
firming that the synthetic printing substrate was mainly

composed of polypropylene. In addition, in the spectra
of all the studied papers, a moderate band at 873 cm™
was observed and associated with calcium carbonate.
Interestingly, a weak band (1730 cm™) attributed to the
carbonyl stretching was observed in the ATR spectra
of bulky and synthetic paper, but not assigned to any
of the main constituents of the printing substrates.

Absorbance

1730
1594
1274
873

yi
— T — — 77—
4000 3500 3000 1800 1600 1400 1200 1000 800 600
Wavenumber / cm’™

» Figure 1: ATR spectra of the paper substrates;
S-synthetic, B-bulky, R-recycled paper

Scanning electron microscopy
(SEM) of prints

The binder in the tested ink is polyurethane acrylate
containing chromophoric C=0 and N-H groups (Vukoje
et al., 2018). It is evident from the SEM images (Figure
2) that the binder was almost completely absorbed into
the structure of recycled and bulky paper, and almost
not at all into the structure of synthetic paper. SEM
analysis shows that the microcapsules and the binder
did not degrade (photooxidized) under the influence of
UV light used to polymerize the prints after printing.

After coating the ink on the paper, the air inside the sys-
tem should leave the ink film while the viscosity is

still low enough. The atomized air in the system that
remains in the system is called microfoam. Such micro-
foams are visible in the SEM image of the print on the
synthetic paper.

Hysteresis

The color change from purple to pink on all prints (Figure
3) occurs between temperatures of 22.5 °C and 28 °C
which is below the temperature specified by the manu-
facturer (31 °C). By heating the print, the solvent inside
the microcapsules dissolves. The blue-colored complexes
between the dye and the developer inside the microcap-
sules are separated under the influence of the solvent,
the blue color changes to colorless. Only the pink color of
the classic pigment remains. At temperatures below the
melting point of the solvent, the classic pink pigment and
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» Figure 2: SEM micrograph of UV print on bulky (B), recycled (R) and synthetic

(S) paper under magnifications of 3500x

blue colored microcapsules give a purple color.

Based on the colorimetric values of the prints from
Figure 3, it is evident that all the prints are stable to the
diffusion of the components from the microcapsules.
The heating curves are equal to the cooling curves.
The photos show prints taken after a warm-up cycle.

If the initial -b* value is taken as a measure of the con-
centration of blue-colored microcapsules, and the +a*
value is taken as a measure of the concentration of

pink pigment, then based on a* and b* values it can be
concluded from Figure 3 that the highest concentration
of microcapsules is on recycled paper (the smallest b*
value), and the pink pigments together with binder is
on synthetic paper (the largest a* value). The reason for
the highest concentration of pigments and binder on the
surface of the synthetic paper is the weak absorption

of the binder into the structure of the synthetic paper.

According to the literature, microcapsules are polar.
They contain hydroxyl and amino groups. In the tested
UV ink, they are contained in a polyurethane acrylate
binder that contains C=0 and NH groups. Hydroxyl and
amino groups of microcapsules enter hydrogen inter-
actions with NH groups of binders and dipole-dipole
interactions with carbonyl groups of binders. Therefore,
the same concentration of microcapsules in the bind-
er can be assumed before application to the paper.
Microcapsules are adsorbed on paper surfaces as part
of the binder. If the binder has a higher affinity to the
paper substrate, more microcapsules will be adsorbed.

According to the obtained colorimetric values, the
most microcapsules were adsorbed on the surface of
recycled paper, and somewhat less on the surface of
bulky paper. Bulky paper contains 1.17 % lignin, which
reduces the hydrophilicity of cellulose and fillers.
However, this proportion is quite small, so it causes
only a slight decrease in the sorption of binders and
microcapsules on its surface. The SEM images show
that the entire surface of the recycled and bulky paper
has been used as far as microcapsules are concerned,
while the synthetic paper has not. Synthetic paper
contains 44.5 wt% of calcium carbonate (Rozi¢ et al.,
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2020). lon-dipole interactions are stronger compared
to hydrogens and dipole-dipole. Despite the stronger
attractive forces, the sorption of microcapsules on syn-
thetic paper should be significantly lower considering
its composition. Microcapsules are adsorbed in places
rich in calcium carbonate, and the binder is adsorbed
in these areas by ion-dipole interactions. Microcap-
sules are densely packed when adsorbed on areas rich
in calcium carbonate. So, they are not in one layer but
in several layers. Therefore, the b* values of prints on
synthetic paper are similar to prints on recycled paper
containing 100% active polar and ionic components.

At 22.5 °C, the lightest print is on synthetic paper
(the highest L* value) due to the highest concen-
tration of pink pigment on its surface. The dark-
est print is on recycled paper due to the highest
concentration of blue colored microcapsules.

At a temperature of 25.5 °C, b* values take on positive
values. b* values move into the yellow area. Print on
bulky paper is the yellowest (b*=9.78), followed by
recycled (b*=2.82) and synthetic paper (b*=1.75). The
b* value of the bulky paper (Rozi¢ et al., 2020) itself
cannot cause such a large b* value of the print on the
bulky paper at the end of heating. It is possible that
some component from the ink was adsorbed on the
surface of the bulky paper in a larger amount than on
the other substrates, which causes a positive b* value.
Some possible additives in UV ink include adhesion pro-
motors, pigment dispersing agents, and gloss promotors.

Based on the chemical structure, it can be assumed that
the increased b* values are caused by gloss enhancers
such as hydroxypropyl methylcellulose and lecithin
(Warzeska et al., 2002). Hydroxypropyl methylcellulose
and lecithin are weakly polar molecules that may have

a greater affinity for lignin in bulky paper. The disper-
sion, polar and dipole components of hydroxypropyl
methylcellulose and lecithin are similar to those of lignin
because their chemical structures are also similar.
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» Figure 3: L* a* b* values of prints depending on heat-
ing and cooling temperatures; H=heating, C=cooling-
Photographs of prints taken at temperatures of 22 °C,
24.5 °Cand 28 °C; S-synthetic, B-bulky,

R-recycled paper

Figure 4 shows the color contrasts of the prints at differ-
ent temperatures with respect to the colorimetric values
of the prints at 30 °C as reference values. Color contrasts
are greatest up to a temperature of 24 °C, which is to be
expected, because prints are the most purple at those
temperatures. They are the greatest for print on bulky
paper. The smallest color contrast on synthetic paper

is a consequence of its insufficient porosity. This is why
it already has a high concentration of pink pigment on
the surface and approximately the same concentration
of blue-colored microcapsules as other papers. As far

as savings or green printing is concerned, it is favor-

able. However, because of this, it gives slightly less
color contrast compared to other prints, but the color
contrast is clearly visible in any case. Color contrasts
decrease in the temperature range from 22 °C to 28 °C.
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» Figure 4: Color contrasts of thermochromic offset
prints with respect to the colorimetric values of the
prints at 30 °C; S-synthetic, B-bulky,

R-recycled paper

Photooxidation of prints

Although the prints proved to be stable to UV radia-
tion during printing, the research involved additional
UV light (after drying) since these inks are sensitive
to UV light. The results of the colour measurement
of UV exposed prints is presented in Table 1.

Table 1
Colour difference between initial and sam-
ples exposed to UV energy

Sample Irradiation (J/cm?) AE lab

0

2.24

4.28

5.39

0

2.03

4.78

0

5.89

8.88

0
1
3
5
0
1
3 3.87
5
0
1
3
5

9.24

The highest colour difference can be seen on syn-
thetic paper where even lowest additional irradia-
tion energy causes significant colour change. Color
changes visible to the eye are greater or equal to 5
(AE). On the other substrates it is visible that even
the highest additional irradiation did not cause colour
change obtained on synthetic paper after 1J/cm?.
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The results of the research by RoZi¢ & Vukoje (2018)
show the heterogeneous nature of the photooxi-
dative degradation of thermochromic UV prints.

The UV ink microcapsules and the polar polymer bind-
er can form strong hydrogen and dipole-dipole bonds
between the NH groups of the binder and the —OH and
—NH (-NH,) groups of the microcapsules. The number of
available chromophoric groups of binders and microcap-
sules is thus reduced. The areas where the microcapsules
and the binder are connected by hydrogen bonds are
stable. Only the binder on the surface of the micro-
capsules and possibly the pigment are fotodegraded.
However, since polyurethane acrylate contains much
more polar groups compared to microcapsule materials,
the number of bonds between microcapsules and the
binder is small. This means that the binder on the sur-
face of the microcapsules still has a high concentration
of chromophore groups. Since the polypropylene areas
of synthetic paper is less absorbent than the others
used in this study, the number of surface chromophore
groups is the highest on the print on its surface but not
too much compared to the surfaces of prints on bulky
and recycled paper. Prints on bulky and recycled paper
have a slightly lower surface number of carbonyl and
amino groups. Bulky paper has the lowest chromophore
groups concentration. Therefore, a print on bulky paper
should degrade the least, and it degrades faster than a
print on recycled paper. According to the results of the
IR analysis, bulky and synthetic papers contain carbonyl
groups that cannot be linked to their other ingredients.

Carbonyl compounds can be added to polymers as addi-
tives that accelerate fotooxidation degradation. Such
an initiator is, for example, benzophenone (Geuskens
& Kabamba, 1987). Besides ketones, quinines and
peroxides are also initiators of photodegradation reac-
tions of organic compounds. All of them absorb light
up to about 380 nm, which causes their excitation or
cleavage into radicals (Chew, Gan & Scott, 1977). The
influence of low-molecular organic compounds such
as benzophenone, anthraquinone and benzoyl per-
oxide on the photodegradation of polystyrene was
investigated in the work of Yousif & Haddad (2013).
The results show that these additives accelerate and
increase the photooxidation of polystyrene. The pres-
ence of carbonyl groups as defects in the structure of
poly(p-phenylenevinylene) (PPV) is widely known.

In the paper (Papadimitrakopoulos et al., 1994) it

was proved that carbonyl defects can be introduced
thermally and photochemically. Although PPV is

quite thermally stable, its defects containing hydrox-
yl groups are very sensitive to reaction with traces

of oxygen at elevated temperatures resulting in the
formation of ketone-based carbonyl impurities. Photo-
oxidation of PPV involves cleavage of the vinyl double
bond and formation of terminal aldehyde groups.
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In the work (Kunwong, Sumanochitraporn & Kaewpi-
rom, 2011), 2,2-dimethoxy-2-phenyl acetophenone
was used as a photoinitiator in the polymerization
reaction of a UV-curing coating based on urethane
acrylate oligomer. Accordingly, carbonyl compounds
are also used as photoinitiators in ink UV curing.

The reason for the higher rate of photooxidation of
prints on synthetic paper should be sought in the paper
structure itself. As mentioned, carbonyl compounds are
added to polymers to accelerate photooxidation. Accord-
ing to IR analysis, certain carbonyl compounds are also
found in bulky paper, so this is the reason for its faster
decomposition even though it contains the least binders.

Conclusions

This research was conducted to determine the influence
of the substrate on the UV stability of a thermochromic
UV curing ink applied in the screen printing process. In
addition, the goal is to determine the effect of higher
exposure to UV light than is used to cure the ink film.

The research has proved that used substrate has sig-
nificant influence on the thermochromic effect, but on
the resistance to additional UV light exposure as well.
Furthermore, when using synthetic paper, or substrate
with similar characteristics one should take proper care
to precisely determine UV energy amount needed for
curing in order to prevent ink’s photodegradation.
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